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APPENDIX R 

SYSTEM FOR STUDYING THE SHOCK RESPONSE OF ROCK AND OTHER 
NONFERROMAGNETIC MATERIAIS AT PRESSURES BELOW 40 KILOBARS 

The U. S. Army Engineer Waterways Experiment Station has de-

veloped a system for continuous measurements of both the velocity 

of propagation of a shock wave and particle velocities in rock and 

other nonferromagnetic materials from the passage of a shock wave 

produced by a flat-plate impact. A stress-strain relation is deduced 

from the wave and particle motion data. The system has an upper 

limit of approximately 40 kilobars. 

The experimental method is primarily based on a technique used 

1 by Frasier and Karpov for directly measuring the particle velocity 

in a material. In this technique, a fine wire is embedded in the 

material, which is then placed in a magnetic field. Any subsequent 

movement of a portion of the wire that cuts the magnetic-flux lines 

produces an electromotive force (e) proportional to the instantane-

ous velocity as shown in the following equation: 

1 
Frasier, J. T. and Karpov, B. C.; "The Transient Response of Wax 

Targets Subjected to Hypervelocity Impacts"; May 5-7, 1965; 

Paper presented at Society for Experimental Stress Analysis, 

Spring Meeting, Denver, Colorado. 
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e ~lv 

where 

e = electromotive force, volts 

2 
the magnetic field strength, webers/m 

1 the length of wire cutting the flux lines, m 

v =the velocity of the wire (particle velocity), m/sec 

Several wires are placed in a test specimen, and the voltages 

are monitored on oscilloscopes and recorded on photographs. The ve-

locity of propagation can be determined from the initial rises of the 

voltage signals from the induction wires. 

The specimen is mounted at the end of the compressed-air gun bar-

rel in a magnetic field, and the barrel and specimen chamber are evac-

uated to approximately 15 microns. The stress waves will be produced 

by impacting the specimens with a lightweight projectile having either 

a brass or aluminum impact plate. Impact velocities of up to 1,200 

ft/sec can be obtained. 

The final state behind the stress wave is determined by the ap-

plication of the conservation equations. Conservation of mass and 

momentum across the shock front requires that: 

po + p u2 
0 s 

(conservation of mass) 

(conservation of momentum) 



where 

p
0 

= initial density, g/cm3 

U shock velocity, rnm/µ.sec 
s 

p
1 

= density behind the shock wave, g/cm3 

Upl = particle velocity behind the shock wave, mm/µ.sec 

P = initial presslll'e, kilobars 
0 

P
1 

presslll'e behind the shock 1mve, kilobars 

The pressure behind the shock witre P1 = P U U 1 + P , and the cor-
o s p 0 

1 - P /p1 = U ,/u . These equations are 
0 p.1.: s responding strain e = 1 

based on the assumption that an equilibrium state of stress is 

reached behind the shock wave. In this simple form, they are valid 

only in the region of uniaxial strain. These equations correspond 

to the Hugoniot or the locus of shocked-end states reached. 
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